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Abstract An organic polymer that possesses the electrical, electronic, magnetic and optical properties of a metal while retaining the mechanical properties, processibility etc. commonly associated with a conventional polymer, is termed as an "Intrinsically Conducting Polymer" (ICP) more commonly known as a "synthetic metal". This class of polymer is different from conventional conducting polymers, which are merely a physical mixture of a non-conductive polymer with a conducting material such as a metal or carbon powder distributed throughout the material. Intrinsically conducting polymers have emerged as an important class of electronic materials because of their potential applications in rechargeable batteries, electrochromic displays, electrostatic applications, printed circuitry boards, sensors, antistatics, conducting adhesives etc. A number of intrinsically conducting polymers such as polyacetylene, polypyrrole, polythiophene, polyphenylenevinylene and polyaniline has been extensively studied in recent past. Amongst these conducting polymers, polyaniline based conducting polymers have been considered as extremely interesting and unusual members of conducting polymers having delocalised p-electrons. Special interest has been focussed on polyaniline for a number of important reasons. The main reason besides scientific interest, are the low cost of aniline, the relatively easy production process and the wide range of electrical, electrochemical, optical properties coupled with good stability of the conducting forms. Conducting polyanilines are basically poly (paraphenylene vinylene amine imine) in which its oxidation state can be varied from the fully oxidized to fully reduced states. Polyaniline can be considered as derived from a polymer, the base form of which has the general formula given below and which consists of alternating reduced and oxidized repeat units. The average oxidation state can be varied continuously from y =1 to give completely reduced polymer, to y = 0.5 to give the half-oxidized polymer to y =0 to give the completely oxidized polymer. The terms leucoemeraldine, emeraldine, and pernigraniline refer to the different oxidation states of the polymer where y = 1. 0.5, and 0, respectively. Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a131_figureNO1.jpg" \t "_blank​) 
(a) Generalized composition of polyanilines indicating the reduced and oxidized repeat units, b) completely reduced polymer, c) half-oxidized polymer, d) fully oxidized polymer. 
In principle, the imine nitrogen atoms can be protonated in whole or in part to give the corresponding salts, the degree of protonation of the polymeric base depending on its oxidation state and on the pH of the aqueous acid. Complete protonation of the imine nitrogen atoms in the emeraldine base by aqueous acid results in the formation of a delocalised polysemiquinone radical cation and is accompanied by an increase in conductivity of about 10 orders of magnitude. 
A number of studies on polyanilines relating to its synthesis, characterization, morphology, applications in various fields have been reported in literature. In spite of these interesting developments, still there is a scope to improve the processibilty of polyaniline and its applications. The present thesis is an attempt under taken, to improve the processibility of polyaniline salts, the application of polyaniline as electrostatic discharge material and catalyst in organic transformations. The thesis has been divided into eight chapters. In chapter 1 of the thesis, a detailed review on various conducting polymers with emphasis on polyaniline is presented. Chapter 2 deals with the various techniques adopted in this thesis to characterize the polyaniline salts, its nanocomposites and preparation of samples for analysis. Chapter 3 describes the synthesis of polyaniline salts by bulk polymerization technique using the novel organic initiator benzoyl peroxide. The polyaniline salts of three different mineral acids such as polyaniline hydrochloride, polyaniline sulfate, polyaniline nitrate are synthesized and well characterized using various analytical techniques such as FT-IR, UV-visible, SEM, XPS, elemental analysis and conductivity. The optimum conditions required to synthesize polyaniline in good yield and conductivity are : aniline-2.4 ml, BP-4.85 g, SLS-1.45 g, reaction temperature-350 C, reaction time- 24 h, protic acids (a) sulfuric acid-9 ml, (b) hydrochloric acid- 17.5 ml, (c) nitric acid- 12.6 ml. Yield and conductivity of PANI-salts prepared under optimum conditions Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a131_figureNO2.jpg" \t "_blank​) The analysis of the IR and UV-visible spectra of PANI salts indicated the formation of emeraldine salt form of PANI. PANI salts prepared by bulk polymerization have aggregated granular morphology. Generally it is difficult to control the morphology of PANI salts prepared by bulk polymerization technique. The effect of surfactant on polyaniline salts synthesized by bulk polymerization technique was examined. PANI salts were prepared in the absence of the surfactant, SLS. The yield and conductivity of the PANI salts was low when compared to those prepared in the presence of stabilizer. Yield and conductivity of polyaniline prepared with and without SLS. Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a131_figureNO3.jpg" \t "_blank​) The elemental and XPS anlysis data on polyaniline aniline salts indicated that the surfactant SLS used in the synthesis of PANI salts was doped to the PANI chain along with the mineral acid. The use of surfactant in the bulk polymerization has positive effect, improved the yield and conductivity of the PANI-salts. In chapter 4 of the thesis, the application of polyaniline supported acid catalysts in organic transformations such as esterification and tetrahydropyranylation is investigated. Polyaniline salts doped with mineral acids such as hydrochloric acid, sulfuric acid, nitric acid prepared by chemical oxidative polymerization are used as catalysts. The catalytic activity of different polyaniline salts is examined and the optimum reaction conditions required to get the products in good yield are dicussed. Method of preparation of PANI- salts and amount of dopant present in the PANI-salt did not any effect on the yield of the ester where as nature of dopant influenced the yield of the ester. PANI-H2SO4 salt gave the esters in good yield among the three PANI-salts. Esters were obtained in good yield using 150 mg of catalyst, 1 g of acid, 4 ml of alcohol and reaction time of 24 h at 700 C. Various structurally diverse carboxylic acids were esterified with alcohols. A mild and versatile method was developed to prepare THP ethers of alcohols based on PANI supported acid catalysts. Liquid alcohols were tetrahydropyranylated in the presence or absence of solvents whereas solvent was used in the case of solid alcohols. The THP ether of alcohol was obtained in good yield with the use of PANIH2SO4 , 10 mal of alcohol, 12 mal of DHP for a reaction time of 4 h. and at a temperature of 500 C. However, the catalytic activity of PANI-salts was found to be low. The reusability of PANI-salts is found to be good and there was not much variation in the properties of the PANI-salts even after using them repeatedly. The heterogeneous polyaniline salt catalyst has good properties though the reactions consume more time. Their use in the reactions have got certain merits like easy regeneration, easy separation, and non-toxicity. One important aspect of the polyaniline salt catalysts is that they offer high economical prospects in developing reusable catalysts. They can be prepared by simple oxidative polymerization of aniline in aqueous or aqueous-organic medium. Chapter 5 of the thesis deals with the preparation of soluble polyaniline salts doped with cheaper mineral acids by emulsion polymerization pathway. The PANI-salts were obtained in the organic carrier solvent, chloroform. PANI-salts were obtained in the powder form by reprecipitating the PANI-chloroform solution in acetone. The optimum conditions required to synthesize polyaniline in good yield and conductivity are : aniline- 2.4 ml, BP- 4.85 g, SLS- 2.0 g, reaction time- 24h. reaction temperature- 300 C and protic acids- (a) sulfuric acid- 9 ml, (b) hydrochloric acid- 17.5 ml, (c) nitric acid- 12.0 ml. PANI-salts were dedoped to the base form and again redoped to the salt form. The conductivity of the PANI-salt, PANI-BASE and PANI-RD-salts indicated the complete dedoping of salt to base and incomplete redoping of the base to salt. PANI-HCl salt has irregular granular morphology and aggregates of small granular particles forming blocks and slices was observed in the case of PANI-H2SO4 and PANI-HNO3. The shape of PANI-BASE(HCl) show small granular particles aggregated to blocks whereas irregular aggregated blocks were observed when PANI-BASE was redoped with HCl. The IR and UV-visible spectra of PANI-salts supports the formation of emeraldine salt form of PANI. The elemental and XPS anlysis data on polyaniline aniline salts indicated that the surfactant SLS used in the synthesis of PANI salts was doped to the PANI chain along with the mineral acid. In chapter 6 of the thesis, an attempt is made to improve the processibilty of polyaniline by making nanocomposites of polyaniline via dispersion polymerization method. Polyaniline dispersions are made in aqueous-organic medium with polyvinyl pyrrolidone (PVP) and poly (vinyl methyl ether) (PVME) as steric stabilizers. The effect of stabilizer concentration and the process of isolation and redispersion on the particle size was examined by measuring the size of polyaniline particles in the reaction mixture, isolated wet and dry composites. The particle size analysis results on PANI-PVP reaction mixture, wet and dry composites indicated that the size of PANI particles increased with increase in the amount of PVP in the dispersion polymerization. PANI particles with lower volume mean diameters were observed in the wet composites. The volume mean diameter of PANI particles in the PANI-PVP (2), PANI-PVP (5) and PANI-PVP (10) wet composites was found to be 565, 140 and 260 nm respectively. The zeta sizer analysis of the PANI particles in the PVP stabilized reaction mixture, wet and dry composites indicated the increase in the hydrodynamic diameter of PANI particles with the increase in the amount of PVP content from 2 to 10 g. The hydrodynamic diameter of the PANI particles ranged from 435-970 nm. PANI particles with lower volume mean diameter (435 nm) were observed in the PANI-PVP (5) wet composite. The PANI particles are polydisperse in nature. Spherical PANI particles were observed in the PANI-PVP composite prepared with 2 g of PVP and the particles agglomerated with the increase in the amount of PVP. The UV-visible, IR spectra analysis of the PANI-PVP composites supports the formation of PANI. PANI-PVME reaction mixture, wet and dry composites were analyzed by particle size analyzer. The size of the PANI particles decreased with increase in the amount of PVME from 0.5 to 2 g in the dispersion polymerization. PANI particles with lower volume mean diameter, 180 nm were obtained when 2 g of PVME was used in the dispersion polymerization. The analysis of the wet and dry composites by particle size analyzer indicated that better redispersion can be achieved in the case of dry composites rather than wet composites. The UV-visible, IR analysis of the PANI-PVME composites supports the formation of PANI. The PANI-PVME composite can be redispersed in various organic solvents. The seventh chapter deals with preparation of polyaniline-cellulose acetate butyrate, polyaniline-polyvinyl alcohol films for electrostatic discharge applications. The electrical and mechanical properties of the films are studied as a function of percentage of polyaniline loading. PANI-CAB, PANI-PVA films were prepared for ESD applications. PANI-CAB films were prepared using the PANI-chloroform solution prepared by emulsion polymerization method. The conductivity of the film 2.2 ? 10-6 S/cm increased to 1.4 ? 10-4 S/cm with increase in PANI content in the film from 1.86 % to 9.3 %. Incorporation of PANI has little effect on the strength of the film where as elongation at break and % elongation have increased. PANI-PVA films were prepared by incorporating PANI-PVP composites into PVA. The conductivity of the films increased from 2.2 ? 10-8 to 2.2 ? 10-5 S/cm when the amount of PANI in the film is raised from 1.2 % to 14.4 %. The strength of the film decreased with the incorporation of PANI-PVP composite and reached almost a constant value at higher loading of the composite. PANI-PVA films with better electrical conductivity at lower loading of PANI were prepared in acidic medium. The electrical conductivity ranged from 1.6 ? 10-5 to 1.6 ? 10-4 S/cm with the increase in the PANI content from 1.2 % to 4.8 %. PANI-CAB films were prepared by redispersing PANI-PVME composite in THF. The strength of the film was not much influenced at higher loading of composite whereas elongation at break and % elongation have decreased. The conductivity of the PANICAB prepared using PANI-PVME composite was very low (> 10-8 S/cm). This may be due to the non uniform distribution of PANI in the film. The electrical conductivity of the PANI-CAB and PANI-PVA films falls in ESD range (1.0 ?105 to 1.0 ? 1012 W/sq.). So the PANI-CAB and PANI-PVA films can be tried out for ESD applications. The results of the thesis are (i) organically soluble PANI salts doped with cheaper mineral acids were prepared (ii) nano composites of PANI were prepared and redispersed. (iii) Polyaniline salt solution and nano composites doped with cheaper mineral acids were used to make conducting films for ESD application. (iv) Polyaniline supported mineral acid catalysts were used in esterification and tetrahydropyranylation. The findings of this thesis work offer (i) the preparation of processible polyaniline salts doped with cheaper mineral acids, (ii) the preparation of nanocomposites of polyaniline and (iii) PANI films for ESD applications (iv) scope for the development of reusable catalysts based on polyaniline. 
  	 


